Paediatric cardiorespiratory arrests are thankfully rare. The rate of out-of-hospital cardiorespiratory arrest is reported as eight to 20 per 100,000 children per year 1 , but data for in-hospital cardiac arrests are not so well reported. In large tertiary paediatric hospitals, the reported rate is 0.2% of all admissions 2 and 2 to 6% in children admitted to paediatric intensive care units 1, 2 . Because the severity of illness in children cared for within general hospitals is lower, the frequency of cardiorespiratory arrest is probably lower and staff called to paediatric arrest situations are thus unlikely to have recent experience in their management. In addition, although probably checked regularly, the resources are actually used infrequently. Wellington Regional Hospital, a regional hospital in New Zealand, has 57 paediatric beds for children beyond the neonatal period and under the age of 16. These beds are shared between medical and surgical services in two dedicated paediatric wards, with approximately 4000 inpatient admissions per year. The paediatric cardiorespiratory arrest team includes a mixture of paediatric medical and nursing staff, and intensive care unit staff that frequently includes an anaesthetic registrar. This team, although likely to be less experienced than what would be found in a dedicated children's hospital, does include individuals with all the requisite skills and so appropriate outcomes are expected 3 . Nonetheless, the non-paediatric staff are likely to be unfamiliar with technical aspects of paediatric care (particularly doses and indications for medications and fluids) and unfamiliar with the environment, including paediatric ward layout, staff and equipment. In this context, good teamwork is critical to the effective management of lifethreatening events.
In New Zealand, initial registration as a medical practitioner requires certification in Advanced 
SUMMARY
In response to a successful, although difficult resuscitation in one of our paediatric wards, we developed and implemented an educational program to improve the resuscitation skills, teamwork and safety climate in our multidisciplinary acute-care paediatric service. The program is ongoing and consists of didactic presentations, high-fidelity in situ simulation and facilitated debriefing to encourage reflective learning. The underlying goal, to provide this training to all staff over a two-year period, should be achieved by late 2011. In this preliminary report we describe teamwork difficulties that are commonly found during such training. These included inconsistent leadership behaviours, inadequate delegation of areas of responsibility, failure to communicate problems during the execution of technical tasks (such as difficulty opening the resuscitation trolley) and failure to challenge inadequate or inappropriate therapy (such as poor chest expansion during bag-mask ventilation). In addition, we unexpectedly discovered seven latent errors in our clinical environment during the first nine months of course delivery. The most disturbing of these was that participants repeatedly struggled to identify and overcome the locking-mechanism and tamper-proof device on a newly introduced resuscitation trolley.
In sItu sImulatIon traInIng for paedIatrIc cardIorespIratory arrest Anaesthesia and Intensive Care, Vol. 38, No. 6, November 2010 Cardiac Life Support. In addition, the specialty colleges encourage their trainees to take vocationally relevant courses to improve the care of acutely ill patients. These include an Advanced Paediatric Life Support (APLS) course for paediatric trainees within the Royal Australasian College of Physicians. The APLS course is three days in duration and its focus is to provide training and education for health professionals involved in the care of children, to improve the early management of acutely ill and injured children. The Australian and New Zealand College of Anaesthetists requires its trainees to successfully complete either an Early Management of Severe Trauma course or an Effective Management of Anaesthetic Crises (EMAC) course. With the exception of EMAC, these courses focus predominantly on technical rather than non-technical skills. In addition they are all off-site and thus away from the clinical reality of a hospital ward, and they are typically undertaken with ad-hoc teams consisting of course participants rather than intact teams from within a hospital workforce.
High-quality teamwork contributes significantly to the effectiveness of crisis management, and for over 15 years, dedicated simulation centres have been using high-fidelity computerised patient simulation to improve teamwork, error management and other human factors in anaesthetic crises 4, 5 . More recently, simulation-based crisis-management training has been extended to other medical disciplines and has also been delivered within the actual workplace as in situ simulation 6 . In situ simulation has a number of advantages, for example, reduced cost as there is less need for a dedicated educational facility. In addition, and more importantly from the patient safety perspective, in situ simulation allows the implementation of multidisciplinary training for intact teams, the detection of latent systems errors 7 , and it is believed to increase the technical and nontechnical skills of individuals and teams 8 .
Following a successful, although difficult paediatric resuscitation on a children's ward at Wellington Regional Hospital, we decided to undertake in situ simulation-based training to improve the resuscitation skills and teamwork of our multidisciplinary acute-care staff. Our goal was to also improve attitudes to teamwork and patient safety as determined by an organisational safety climate survey. The baseline data for organisational safety climate were collected in May 2009 and follow-up data will not be collected until 2011, by which time we expect that all paediatric staff will have been exposed to the intervention. In this preliminary report we describe teamwork difficulties that are often reported in crises, and also a number of unexpected latent errors that we discovered during the first nine months of course delivery.
MATERIALS AND METHOD
We devised an educational program that consisted of two brief didactic presentations, followed by a high-fidelity in situ simulation scenario with facilitated debriefing to encourage reflective learning. The instructional components were presented as two 10 to 15 minute presentations. The first part was an introduction to crisis management concepts with a focus on teamwork, communication, situational awareness and 'error-trapping'. The second presentation provided an introduction to the technical and sociological aspects of paediatric resuscitation, including emphasis on the differences between paediatric and adult cardiopulmonary arrests, and on the role of parents in paediatric crises. The scenario included features that had caused difficulty during the index arrest: the small size of the child's room, the non-medical equipment that was also in the room (toys, parent's bed and personal belongings), obstructed views of monitoring equipment, a large number of medical and nursing staff crowded around a small infant in a cot, and communication patterns that caused difficulty ascertaining the aetiology of the arrest.
In the scenario we used SimNewB™, a life-like computerised infant manikin that was designed by Laerdal and the American Academy of Pediatrics to meet the training requirements of neonatal emergency medicine and resuscitation courses. This simulator is portable, and can be placed in a cot in any room on the ward. The manikin has heart and lung sounds, palpable pulses and lips that can be rendered cyanosed. The simulator can be intubated, intraosseous needles can be inserted and fluids and drugs can be injected. We undertook the scenarios in a range of clinical locations within the children's wards. During the scenario, simulated physiological responses were controlled from a laptop computer set up in an adjacent area (usually the ensuite to the bedroom). The simulated physiological and pharmacological responses were presented using lifelike monitoring systems that displayed heart rate, pulse oximetry, respiratory rate, blood pressure, capnography and temperature. Together these features created a compelling and engaging scenario.
To maximise realism for each training session we assembled a team that consisted of two paediatric ward nurses, two or three junior doctors from the paediatric service (house surgeon, senior house officer and registrar) and two anaesthetic trainees (filling the role of the intensive care unit team).
Participants were asked to behave as though in their normal roles, and no confederate 'actors' were used. The team was activated in a staggered fashion to emulate the expected time-frames of responders in a real paediatric cardiorespiratory arrest call. Hence the nurses were there first, then the paediatric team and lastly the intensive care unit team arrived two minutes later. SimNewB™ was set up in a room on the children's ward, and the usual ward equipment was used during the resuscitation. Participants were told that the infant had been admitted earlier that day with bronchiolitis, weighed 6 kg and was three months of age. A set of medical notes and observation charts was available if requested. Participants were told that the baby had experienced a cardiorespiratory arrest after aspirating vomitus, and they were expected to resuscitate the baby using standard APLS algorithms.
The scenario was run once during each training session. Because the scenario was not videotaped, the instructors were in the room, adjacent to the console operator, to witness the events. After the scenario, participants returned to the seminar room for facilitated debriefing, to encourage reflective learning. The debriefing was undertaken by a team of instructors led by an experienced EMAC instructor. Because the same scenario was used in each teaching session, participants were asked not to disclose the contents to others.
RESULTS
In April 2009 we began providing in situ simulation-based resuscitation education as twohour sessions, on a monthly basis, in the children's wards of Wellington Hospital. During the first nine months, 55 participants undertook this educational experience, and we observed patterns of performance and teamwork that are consistent with our experience on other crisis management courses 5 . These patterns include high levels of knowledge of the appropriate resuscitation algorithms, but with inconsistent leadership behaviours, inadequate delegation of areas of responsibility, failure to communicate problems during attempts to execute technical tasks (such as difficulty opening the resuscitation trolley), and failure to challenge inadequate or inappropriate therapy. Examples of failing to challenge inappropriate or inadequate therapy included failing to challenge when attempts were made to intubate the patient with a tracheal tube that was clearly of the wrong size, failure to challenge poor chest expansion during bag-mask ventilation and delays in the initiation of chest compressions despite marked bradycardia. These were addressed during the debriefing, a facilitated discussion that focuses upon important events from the scenario and the performance of individuals and the team.
In addition to team performance issues, we identified a range of latent errors 9 where there were Ongoing collaboration with manufacturer to remedy the problem with an engineering solution clear faults in our environment and resources ( Table  1) . These included inability to use a point-of-care glucometer, use of an inappropriate self-inflating bag and most disturbingly, the inability to open a new resuscitation trolley. The latter arose because the locking-mechanism and tamper-proof device were difficult to identify because they were 'concealed' on the side of the trolley (Figure 1 ). These latent errors made the resuscitation more difficult and/or predisposed participants to commit errors. Because of the risk that these latent errors were more widespread than the location of a specific simulation, we notified most of them to the Director of Paediatrics. In the case of the resuscitation trolley, the latent error was organisation-wide and so it was notified to the Chairperson of the Resuscitation Committee, the Chief Medical Officer and the Director of Nursing. The latent errors were obvious to all present, and they were discussed in detail during the debriefing, including the proposed corrective action. Because we endeavoured to correct latent errors after each training session, and because we used different clinical locations on different sessions, the pattern of errors varied between sessions.
DISCUSSION
World-wide, there is currently rapid growth in the use of simulation in healthcare education. For example, millions of dollars are ear-marked for simulation and skills training in Australia over the next four years. The educational program that we describe was developed within existing resources, to address clinical problems that were identified during the successful resuscitation of a child after cardiorespiratory arrest.
The emphasis of the education was upon human factors, in particular teamwork and error 'trapping', using brief didactic instruction followed by a simulated clinical scenario and then debriefing. The scenario was designed to illustrate problems with teamwork such as the need for effective team leadership, including the need to appropriately delegate tasks and responsibilities. These are core concepts in anaesthesia training, and they are now being taught to other acute-care groups. Anaesthesia, as a medical specialty, has provided leadership in the development of education in human factors and crisis management in medicine, and in situ simulation provides an important opportunity to continue this leadership through collaboration with other disciplines. The teamwork problems we observed were present in all the simulations and were similar to what is typically noted during anaesthesia crisis management training with adhoc teams. During debriefing, participants reported benefits from this simulation program, such as increased confidence with arrest situations, and this is common during in situ simulation 10 .
Our initial goal was to provide training in the management of rare events in the paediatric service, and to examine the effects of this upon the safety climate within the service. The unexpected finding of a number of latent errors in our resuscitation resources prompted us to write this preliminary report. By reporting these latent errors to the clinical director we ensured that more general remedies could be enacted via the hospital-wide quality improvement processes, and thus most of them have been at least partially resolved. Broken equipment has been replaced or repaired, changes have been made to the equipment that is stocked on the resuscitation trolleys, and improvements have been made to the orientation of new nursing and medical staff. We were particularly concerned about the difficulty participants experienced when opening the hospital-wide resuscitation trolleys. We believe that opening a drawer on a resuscitation trolley should be intuitive, rather than requiring specific training. We are currently collaborating with the manufacturer to remedy what we regard as a design fault.
Others have described in situ simulation for paediatrics, although not in a general hospital, and others have reported the use of simulation to identify latent errors 8 , although not in paediatrics. We thus add to what is a compelling argument for the widespread implementation of in situ simulation. We believe that use of simulation in this way should be widely adopted, not only to improved teamwork, but to test the safety and usability of new environments 11 and to identify latent errors within existing systems.
